The pseudo-cubic lattice parameters of rare-earth (RE) scandate, REScO3, single crystals grown by the Czochralski technique with RE = Dy to Pr lie between about 3.95 and 4.02 Å. These crystals are the only available perovskite substrates in this lattice constant range that can withstand virtually any thin lm growth conditions. Two members of this series, PmScO3 and EuScO3, are, however, not suitable for substrate applications. Because the pseudo-cubic lattice parameters between neighbouring REScO3 compounds decrease with rising atomic number of the RE in about 0.01 Å steps, the unsuitability of PmScO3 (radioactivity) and EuScO3 (incompatibility with Si) causes an interruption in this lattice spacing sequence. To replace them, solid solutions of their adjacent rare-earth scandates, i.e., (Nd0.5Sm0.5)ScO3 and (Sm0.5Gd0.5)ScO3, were grown by the Czochralski method. Their average pseudo-cubic lattice parameters of 3.9979 Å and 3.9784 Å are very close to those of PmScO3 and EuScO3, respectively, and they show very low segregation. These qualities make these solid solutions excellent substitutes for PmScO3 and EuScO3.
Introduction
Over the past decade perovskite type rare-earth (RE) scandate single crystals REScO 3 with RE = DyPr have become widely used substrates for the growth of perovskite thin lms [13] . These REScO 3 substrates have pseudo-cubic lattice parameters covering the range between 3.95 and 4.02 Å. The only other perovskite substrate with a lattice parameter in this range is KTaO 3 (3.989 Å). An issue with KTaO 3 , however, is that it can only be grown in small dimensions from self-uxes [4] and tends to dissociate under typical growth conditions used for the growth of perovskite thin lms (substrate temperatures ≈ 750
• C) due to potassium evaporation [5] . Following Goldschmidt's tolerance factor rule [6] only RE scandates between HoScO 3 and LaScO 3 exhibit the perovskite type structure [7] , i.e., they are isomorphous. The orthorhombic structure of these RE scandates (standard setting space group P nma, no. 62) is a distorted derivative of the cubic perovskite structure, where the RE occupy the eightfold coordinated A sites and Sc the centres of the [ScO 6 ] octahedra (Fig. 6, inset) . The unit cell contains four formula units [7] .
The crystals ranging from DyScO 3 to PrScO 3 are grown by the conventional Czochralski technique [8, 9] .
The most recent member to be grown as a single crystal, PrScO 3 [10] , is the one with the highest melting temperature. Of the missing RE scandates, CeScO 3 and LaScO 3 (the largest RE scandates) cannot be grown by the conventional Czochralski method due to their exceptionally high melting temperatures [11] exceeding the maximum load of an iridium crucible, which is about 2250
• C. The smallest RE scandate, HoScO 3 , cannot be prepared because it is not a stable phase at its melting point. In the vicinity of its melting temperature the stable polymorph of HoScO 3 has the uorite structure. Only about 200 • C below its melting point does the perovskite polymorph of HoScO 3 become stable [11, 12] . Additionally, two further members of the above range of RE scandates are problematic as substrates for the growth of thin lms:
(1) PmScO 3 because it is radioactive and (2) EuScO 3 , which due to the multivalent nature of Eu is thermodynamically unstable in direct contact with silicon [13] .
Because the pseudo-cubic lattice parameters of the RE scandates neighbouring PmScO 3 and EuScO 3 dier from them by about 0.01 Å, the lack of single crystal substrates of these compounds results in an interruption of the lattice parameters continuity, i.e., the set of RE scandates substrate crystals which could enable strain engineering of perovskite thin lms in regular 0.01 Å steps is incomplete ( Fig. 1) .
In the present report we investigated whether solid so- 
Lattice parameters
The lattice parameters of the solid solutions were calculated from X-ray powder diraction data measured with a Seiert UDR6 diactometer (Cu K α radiation; 2θ range 20 • −70
• ). Table I . 
Thermal analysis and phase diagrams
Although reliable ∆H f measurements are not possible when using a DTA sample carrier, we estimated ∆H f 
where
for both components from the experimental data measured for both components (Table II) [18] . The resulting liquidus and solidus are shown in the phase diagrams in Fig. 4 . 
. Experimental phase diagrams GdScO3
SmScO3 (top) and NdSmO3SmScO3 (bottom) as derived from DTA melting peak onsets compared with theoretical liquidus and solidus curves calculated from T f and ∆H f . The arrow labels refer to the crystal growth data in Table III . Table IV. rably small ∆H f values given in Table II contribute to the tightness, which is responsible for the low segregation that is observed during Czochralski crystal growth of both systems at intermediate compositions x = 0.5 (Table III) . As expected, the minor segregation leads always to a pronounced crystallization of the higher melt-
TABLE IV
Parameters of the specic heat capacity functions cp(T ) = a + bT + c/T 2 of the three rare earth scandates used in this study with T in K and cp in J/(mol K). In Fig. 6 the dependence of the orthorhombic lattice parameter of all grown RE scandates including both SSLs on the ionic radii of the RE ions (RE 3+ in eightfold coordination) is shown.
As seen in Fig. 6 the orthorhombic lattice parameters of the RE scandates depend directly on the ionic radii of the RE elements. It also can be seen in Fig. 6 , however, that the lattice parameters of Sm 0.48 Nd 0.52 ScO 3 t this dependence much better than those of PmScO 3 . This is Fig. 6 . Dependence of the orthorhombic lattice parameters of the RE scandates on the ionic radii of the relevant RE ions in eightfold coordination (RE 3+ ) [14] (the empty symbols correspond to the lattice parameters of PmScO3 determined from the published data [15] ).
probably due to the low accuracy of the lattice constant estimation of PmScO 3 (PDF 033-1091, quality: B).
Conclusions
In order to replace EuScO 3 and PmScO 3 , which have drawbacks for substrate applications for perovskite thin lms compared to the surrounding RE scandates be- Based on these results it is expected that solid solutions between all neighbouring RE scandates can be formed, thus enabling substrates with continuously adjustable lattice parameters over the range of pseudo-cubic perovskite lattice spacings between 3.95 and 4.02 Å.
